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SUMMARY
The Platte River has influenced the Missouri 
River below the mouth of the Platte by contribut­
ing sizable suspended and coarser-textured bed 
loads. Consequently, the Missouri River has been 
and is a braided stream in a reach about 43 miles 
long below the mouth of the Platte. In this reach 
the channel is wider, is less sinuous, has greater 
low-water slope profile, and contains numerous 
bars and islands. The Otoe Bend area, in this reach 
of the Missouri River near the southwestern corner 
of Iowa, has inherited these channel charac­
teristics.
By use of historic maps and aerial photographs, 
the lateral shifting of the river channel at Otoe 
Bend may be reconstructed. Adjustments of scale 
and geographic locations must be made to compare 
features of all maps and aerial photographs to the 
present landforms in the area. The older maps 
usually are not as accurate as present-day cartog­
raphy with photogrammetric field control. Within 
the different levels of cartographic accuracy, 
however, correlation of landforms can be made by 
similarity of features or similarity of sequences of 
features.
Beginning with the bank positions of 1852 and 
1856, the channel at Otoe Bend moved laterally to 
the left and, between 1879 and 1890, reached its 
maximum displacement, marked by a scarp as­
sociated with the left bank of the Iowa Chute. This 
scarp marks the major distinction in sediments and 
soils in the area. To the left, the sediments are 
usually finer textured and leached of carbonates to 
greater depths than are sediments to the right of 
the scarp. To the left of the scarp, the depths to 
sands or loamy sands, channel accretion deposits,
Glossary
Accretion. Extension of the boundaries of land by 
action of natural forces.
Braided. Term applied to those reaches of a stream 
in which there are relatively stable alluvial 
islands and two or more separate channels.
Chute. A channel formed in accretionary deposits 
commonly located at or along the contact 
between bank accretion and the bank.
Left hank. The bank to the left as an observer faces 
downstream.
Right hank. The bank to the right as an observer 
faces downstream.
Scarp. A steep declivity.
are usually greater than to the right of the scarp. 
To the left, the soils have darker surface horizons 
and greater depth of leaching of carbonates than to 
the right of the scarp. Differences in the nature of 
soils in the area are only distinctive along this line. 
To the left of the scarp, the floodplain is older than 
1879 to 1890. To the right of the scarp, the 
floodplain is younger.
Before 1890, the channel shifted to the right, 
leaving behind the 1879 and 1890 scarp and the 
Iowa Chute with the latter in bed and bank accre­
tion along the left bank. These two features, scarp 
and chute, are preserved in the landscape today. 
On the basis of the 1895 map, which shows only 
the right bank, and the 1903 map, which is 
generalized and in part discrepant, the channel 
could have shifted back to the left. In 1905, the 
channel had again moved to the right. There are no 
features today that show either channel position of 
1895 or 1903. Between the channel positions of 
1890 and the position of the left bank of 1905, 
however, there are many features in the landscape 
such as chutes, scarps, and low-relief ridges. These 
mark left-bank or near-left-bank positions of the 
channel. They show successive positions of a chan­
nel shift to the right and down-valley and also in­
dicate a gradual shift. The sands and loamy sand 
sediments at shallow depths cross under these 
landforms, and their continuity shows a broad ac­
cretionary mass.
Beginning in 1905 and continuing to 1930, the 
Missouri River channel was located in the same 
general position. The left bank of 1923 made a 
scarp from the levee to the left bank of the Looped 
Chute. The left bank of 1926 formed the left bank 
of the eastward bend in Looped Chute. The left 
bank of 1928 completed the continuity of the scarp 
and left bank of Looped Chute. In 1930, Looped 
Chute was left behind in bank accretion along the 
left bank of the river as the channel shifted to the 
right.
The part of the Otoe Bend area known as 
Schemmel Island formed as a direct result of con­
trolled channel flow and deposition of sediment 
downstream from permeable pile dikes. The effect 
of the engineering control structures can be traced 
through a series of aerial photographs and maps 
beginning in 1936. Sedimentation occurred as bed 
and bank accretion, the latter along the left bank 
as the stream channel was diverted to the right. In 
1936, 282 acres (57%) of the Schemmel Island area 
were occupied by channel, and 214 acres (43%)
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were bed and bank accretion. In 1937, these respec­
tive measures were 215 acres (44%) and 279 acres 
(56%). In 1938, they were 187 acres (38%) and 309 
acres (62%). In 1939, they were 58 acres (12%) and 
437 acres (88%). In 1940, the area was essentially 
connected to the left bank, but as late as 1941, 
1945, and 1947, water occupied chutes to the left of 
the island. The emergence of specific parts of the 
Schemmel Island area resulted in a complicated 
geometric pattern of sediments. The soil pattern is 
not so complicated, and the smoothing out of the 
soil pattern can be attributed to deposition of sedi­
ment from overbank flooding. Seven such floods 
were recorded in the area between 1942 and 1952.
The natural regimen of the Missouri River in 
the Otoe Bend area was one of braiding. Braided
channels were present in 1852 and 1856, 1879, 
1890, 1905, 1923, 1924,1925, 1926, 1928, and 1930. 
The tendency for braiding was utilized in the con­
trol of the stream in the 1930s and in the construc­
tion of Schemmel Island. The channel was braided 
in 1936,1937,1938, and 1939.
Lateral migration of the stream was gradual 
throughout this history of 116 years. The channel 
shifted to the left and to the right and back and 
forth. To about 1900, the banks migrated essential­
ly parallel to each other, but after 1900, the banks 
shifted in independent directions. Even these move­
ments were gradual. There is no evidence from 
present geomorphic features or in the nature of the 
soils that indicates a sudden change of the river 
course throughout this history.
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Missouri River History, 
Floodplain Construction, 
and Soil Formation in Southwestern Iow a1
by R. V. Ruhe, T. E. Fenton, and L. L. Ledesma2
This report is the direct result of studies made 
in the field and laboratory regarding the Iowa- 
Nebraska state boundary along the Missouri River. 
From Sioux City, Iowa, southward to the Iowa- 
Missouri state line, numerous individual bends of 
the river have been and currently are involved in 
dispute. Along this distance, the river, with some 
minor exceptions, is the interstate boundary 
between Iowa and Nebraska.
The Missouri River is the longest stream in the 
United States, and, from its head in Montana, flows 
2,470 miles to its juncture with the Mississippi 
River just above St. Louis, Missouri. The Missouri 
River drains a basin of about 529,000 square miles. 
The river enters Iowa at Sioux City and forms the 
western boundary of the state for a distance of 
about 140 airline miles to the south. The alluvial 
plain of the stream along this boundary occupies 
approximately 1,235 square miles (Dahl, 1961).
Our study will be focused on an area of 23.2 
square miles astride Otoe Bend at the extreme 
southwestern corner of Iowa. Included are parts or 
all of sections 33 to 35, T.68N., R.43W., and sections 
2 to 4, 10 to 15, and 22 to 27, T.67N., R.43W., Fre­
mont County, Iowa. Also included are sections 13, 
24, 25, 36, T.8N, R.14E., section 1, T.7N, R.14E, 
sections 19, 30 to 32, T.8N., RISE., and sections 5 
to 8, T.7N., R.15E., Otoe County, Nebraska. This 
area must be placed in perspective to other parts of 
the drainage basin of the river. It is 32 miles below 
the mouth of the Platte River, and the Missouri 
River Basin above the mouth of the Platte River 
includes 323,530 square miles (U. S. Army Corps of 
Engineers, 1935, p. 622).
Objectives of the study in the Otoe Bend area 
were to determine: (a) the historic lateral migra­
tion of the Missouri River; (b) specific positions of 
the stream during episodes of lateral shifting and 
specific calendar dates of those positions; (c) nature 
of lateral migration of the stream, whether gradual
Project 1777, Iowa Agriculture and Home Economics Experi­
ment Station.
2Professor of Geology, Indiana University, and former 
Professor of Agronomy, Iowa State University; Professor of 
Agronomy; and former graduate student, Department of 
Agronomy, respectively.
or sudden; (d) nature and method of construction of 
the floodplain within the belt of lateral migration;
(e) specific calendar dates of initial emergence of 
parts of the alluvial plain from the stream channel;
(f) geomorphic features left on the alluvial plain by 
the migrating streams; and (g) nature of the soils 
on specifically dated parts of the alluvial plain.
These problems were approached by study of 
maps and aerial photographs dating from 1852 to 
1967. Reproductions of all available documents 
suitable for reproduction are included in this re­
port. Geomorphic features were mapped in the field 
in the area in 1968 with use of aerial photographs, 
series BKA-1GG, September 1966, as field sheets. 
Land features mapped in 1968 were compared with 
features shown on maps and aerial photographs of 
previous years. Specific features were dated by this 
method.
Soils in the area had been mapped in 1964 and 
1965 during the standard soil survey of Fremont 
County, Iowa.3 Copies of the field-sheet soil maps 
were used to compare soil patterns with the land 
features mapped in 1968. Comparison also was 
made with older maps and aerial photographs. Soil 
landscapes were dated by this method.
Sediments and soils were studied in the field 
along traverses selected to cross pertinent land 
features and soil patterns. Continuous cores ex­
tracted at points along each traverse were used for 
measuring sediment and soil properties. The cores 
were returned to the laboratory for further 
analytical studies. The fourfold approach permitted 
analysis of the problem through geomorphology, 
sedimentology, pedology, and geochronology.
Any study of the Missouri River must take into 
consideration the natural regimen of the stream 
and the effects brought about by man’s control of 
the stream’s regimen. Engineering improvement of 
the river began in the mid-1930s and was based on 
the assumption that the stream’s average slope ap­
proximately represented a state of equilibrium un­
der conditions existing at that time (Whipple, 1942, 
pp. 1180-1181). The plan for improvement required 
a generally constructed channel in a series of easy
3L. A. Clark and J. R. Nixon. Soil Survey of Fremont County, 
Iowa. U. S. Dept. Agr. Soil Surv. Rept., in preparation.
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curves rather than the succession of straight, wide 
reaches and involved meanders or abrupt changes 
in direction that had previously existed.
Where the river had to be driven away from a 
given bank, a system of permeable pile dikes was 
constructed leading away from the bank. The dike 
system reduced the stream velocities in the area 
selected for deposition and increased the velocities 
in the areas selected for the regulated channel. 
Water passing through the dikes deposited its 
heaviest sediment load, and the water passing 
around the dikes, with increased velocities, scoured 
the bed and bank and eroded the channel deeper 
and wider. As erosion and deposition continued, the 
dikes and the areas between the dikes silted in, 
and the channel was secured.
As the channel, deflected by the dike system, 
eroded to the designed alignment on the concave 
side, this bank was revetted and progressively 
permanently stabilized. As sediment formed on and 
over the dike system, natural growth of willows 
was permitted to further aid the silting process and 
to stabilize the new bars. In addition to dikes and 
revetments, dredging was used to cut away some 
deposits, to cut pilot channels through bars and 
islands, and to make cutoffs.
A considerable part of the Otoe Bend area was 
involved in such channel manipulation, and the 
history is recorded on maps and aerial photo­
graphs. Although only one bend of the Missouri 
River was studied, the results may serve as a 
model for study of any other bend along the 
western boundary of Iowa or any other part of the 
alluvial plain of the valley elsewhere.
The second author assisted in all phases of the 
field study. The third author performed numerous 
analyses in the laboratory (Ledesma, 1969).
REGIMEN OF MISSOURI RIVER
To understand any part of the Missouri River 
and its alluvial plain, that part must be placed 
within the framework of the regimen of a larger 
reach of the stream and its adjacent plain. The 
characteristics of the Otoe Bend area follow.
Physiography of the Alluvial Plain
The alluvial plain across the Missouri River 
Valley consists of three distinct geomorphic areas, 
and the valley has been so mapped from Sioux City 
to the southern boundary of Iowa (Glenn, 1960; 
Dahl, 1961). These three areas are: (1) the channel 
belt, (2) the meander belt, and (3) the flood basin. 
According to Glenn and Dahl, each geomorphic 
area has definitive characteristics.
Channel belt
The channel belt is the part of the alluvial 
valley adjacent to the present river and includes all 
the area occupied by the stream since the course of 
1890 was surveyed. Principal landforms are point 
bars and channel bars. Point bars are concentric 
ridges and are within channel bends. Channel bars 
are tear-shaped, flat-topped features that taper 
downstream. A chute or low swale may be between 
the channel bar and the channel bank. If the chute 
contains water during the low river stages, and if 
the bar has a stand of willows, the area is an 
island. Point bars commonly reach elevations ac­
cordant with the height of the adjacent floodplain, 
but never exceed this elevation.
Meander belt
The meander belt contains abandoned channels 
and their associated point bars. U sually, 
downstream migration of the meander loops led to 
abandonment of former stream channels by chute 
or neck cutoffs. The abandoned channels and as­
sociated point bars subsequently were partly filled 
or masked by deposition of sediment during later 
flooding. The meander belt is bordered toward the 
present river by the channel belt and toward the 
valley walls by the flood basin.
Flood basin
The flood basin is the part of the alluvial plain 
between the outer boundary of the meander belt or 
channel belt and the valley walls. The basin is an 
almost featureless area of low relief that may be at 
lower elevations than the adjacent meander belt. 
The basin may contain flood distributary patterns 
recognizable on aerial photographs as alternating 
light and dark, linear or curvilinear, anastomotic 
areas.
Otoe Bend area
These three physiographic areas have been con­
sistently mapped in the Missouri River Valley 
along the western boundary of Iowa and adjacent 
areas (Glenn, 1960; Dahl, 1961, plates 1-24). In the 
Otoe Bend area, only channel belt and meander 
belt were recognized from the Nebraska (western) 
valley wall to the Iowa (eastern) valley wall. On 
the Iowa side of the present river, the east limit of 
the channel belt (Dahl, 1961, plate 1) extends from 
Payne’s Landing in section 3 (plate 1, E, this re­
port) southeastward along the channel-belt scarp of 
the left bank to the center of section 11, then loops 
westward to the Iowa Chute at the east line of sec­
tion 10, and then follows the next chute southward 
through the central part of section 14. The belt
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boundary continues southward along the east side 
of the chute that extends to near the center of sec­
tion 23 where the Iowa Chute is rejoined and 
followed. This belt boundary in part follows the 
limit of and "includes all of the area traversed by 
the river since the 1890 course was surveyed— ” 
(Glenn, 1960, p. 38).
Missouri River Channel
The Missouri River also has a twofold difference 
in its longitudinal course along the western 
boundary of Iowa, and all previous students of the 
river have pointed out these differences. The 
change in the regimen of the channel is at the 
mouth of the Platte River (U. S. Army Corps of 
Engineers, 1935, p. 1042; Whipple, 1942, p. 1185; 
Glenn, 1960, pp. 29-30; Dahl, 1961, pp. 33-34). 
Above the Platte, the Missouri River channel is 
usually narrower, more sinuous, has gentler gra­
dient, and has fewer islands in the channel than 
below the mouth of the Platte River.
Channel width
The Missouri River is about 137.5 miles long 
from the mouth of the Platte River northward to 
Sioux City. Throughout this stream reach and on 
the basis of a random sample at each 4 miles, the 
mean channel width is 0.4 mile. The river from the 
mouth of the Platte southward to the Missouri 
state line is about 34.5 miles long. In this stream 
reach, and on the basis of part of the same random 
sample, the mean channel width is 1.01 miles. The 
channel below the Platte is 2.5 times wider than 
above the Platte. These relations were also true 
before engineering control of the river, as reported 
in U. S. Army Corps of Engineers, 1935 (p. 1042), 
".. .there is less tendency for the Missouri River to 
follow a serpentined course below the entrance of 
the Platte; the channel is broader, choked with 
sand bars, and shows a considerable evidence of 
heavy bed load.”
Sinuosity
The serpentine nature of the river also has been 
noted by all previous workers. The reach from the 
mouth of the Platte River southward to Rulo, 
Nebraska, however, is not so sinuous. The U. S. 
Army Corps of Engineers Report (1935, p. 1042) 
further noted: ".. .farther downstream the river 
again progressively assumes a more serpentined 
character; in the vicinity of St. Joseph, Mo. (mile 
461.7), the river in its natural condition meandered
from bluff to bluff and frequently developed 
cutoffs.”
The serpentine pattern of a stream channel 
may be quantified by measuring sinuosity ratios, 
the quotients of the distance downstream measured 
between two points along the thalweg divided by 
the direct distance down valley measured between 
the same two points. The thalweg is the deepest 
part of the channel. From a study of many natural 
streams and channels formed during flume studies 
in the laboratory, Leopold and Wolman (1957, p. 
60) and Leopold et al. (1964) concluded that a true 
meander must have a sinuosity ratio of 1.5 or 
greater.
To help visualize sinuosity, refer to a circle 
whose diameter is one or unity. The diameter itself 
is not sinuous, but straight. Its length divided by 
itself is 1, its sinuosity ratio. The circumference of 
the circle is 2tty or trd. Since d =  1, the 
circumference =  tc or 3.1416. From these basic 
measures, the chords subtending arcs of the circle 
and the lengths of the arcs may be determined. The 
arcs correspond to thalweg distance, and the chords 
represent valley distance (arc -*• chord =  sinuosity 
ratio). The ratio for the arc and chord of an angle of 
30°, or %  of the circle, is 1.02. The ratio for an 
angle of 90°, or a quarter of a circle, is 1.1. For an 
angle of 180°, or a semicircle, the ratio is 1.57, and 
so on. Thus, a true meander of a stream, whose 
ratio must be 1.5 or greater, must have a 
planimetric pattern of almost or more than a 
semicircle.
The serpentine nature of the Missouri River 
above the mouth of the Platte River is evident on a 
regional scale. In the 137.5 river miles northward 
to Sioux City, 13 meanders are present. Below the 
mouth of the Platte and to the Missouri state line, 
there are no meanders in a distance of 34.5 miles. 
The 1946-47 channel, however, was constructed 
and controlled. So, the channel must be examined 
as it was in its natural state before man’s 
manipulation of the stream. The river survey of 
1890 serves such purpose and substantially pre­
dates channel construction and control that began 
in the mid-1930s. Sinuosity ratios of the 1890 chan­
nel were 1.91 from Sioux City to Onawa, Iowa, 1.49 
from Onawa to Crescent City, Iowa, and 1.45 from 
Crescent City to Plattsmouth, Nebraska (table 1). 
These stream reaches are above the mouth of the 
Platte River, and the values approximate or are 
greater than 1.5, the ratio of a true meander. The 
sinuosity ratio of the 1890 channel from Plat­
tsmouth to Hamburg, Iowa, was 1.28, less than the 
value for true meanders. This stream reach is 
below the mouth of the Platte River. Farther south 
and to Rulo, Nebraska, the sinuosity ratio of the 
1890 channel was 1.48, which again approaches the 
value of true meanders.
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All stream reaches of the 1946-47 channel, with 
the exception of Plattsmouth, Nebraska, to Ham­
burg, Iowa, have ratios less than those of the 1890 
channel (table 1). In other words, the channel was 
straightened. This accounts for the shortening of 
27.2 miles in stream length between Sioux City 
and Rulo. All this shortening, however, cannot be 
attributed to man-made construction. The 1930 
channel between Sioux City and Rulo was 18.2 
miles shorter than the 1890 channel (Whipple, 
1942, p. 1184). The changes between those years 
had to be natural. Little change, either natural or 
man-made, occurred between Plattsmouth and 
Hamburg. This stream reach was 43 miles in both 
1890 and 1946-47.
Slope
Another property of the Missouri River changes 
at the mouth of the Platte River. The low-water 
slope profile increases markedly downstream of 
this junction. The slope not only is natural, but has 
been maintained after man-made improvements to 
the channel. In 1890 (table 1), the gradients were 
0.8 ft/mile from Sioux City to Plattsmouth, 1.23 
ft/mile from Plattsmouth to Nebraska City, 0.97 
ft/mile from Nebraska City to Rulo, and 0.83 
ft/mile from Rulo to Kansas City (U. S. Army Corps 
of Engineers, 1935, p. 734). In 1930, the gradient 
for 31 miles above the mouth of the Platte was 0.74 
ft/mile and 1.24 ft/mile for 44 miles below the
Platte (Whipple, 1942, p. 1185). In 1946-47 (table 
1), the gradients for stream reaches were: Sioux 
City to Onawa, 0.98 ft/mile; Onawa to Crescent 
City, 0.82 ft/mile; Crescent City to Hamburg, 1.24 
ft/mile; and Hamburg to Rulo, 1.03 ft/mile.
The reason for the change in slope gradient of 
the Missouri itiver at the Platte River is that the 
latter has built a pronounced mound at its mouth 
in the Missouri River Valley (U. S. Army Corps of 
Engineers, 1935, p. 1042). This mound or alluvial 
fan exerts a damming influence on the Missouri 
(Glenn et al., 1960, p. 22; Dahl, 1961, pp. 33-34). 
Gradients above the fan tend to flatten and, below 
the fan, tend to increase.
Bed accretion
All previous students have noted that, below 
the mouth of the Platte, the Missouri River chan­
nel is broader, choked with sandbars, and has a 
heavy bed load (U. S. Army Corps of Engineers, 
1935, p. 1042). In addition, the channel has 
relatively fewer bends. All these features show a 
regimen intermediate between true meandering 
and true braiding for the river (Glenn et al., 1960, 
p. 23). The term braid applies to those reaches of a 
stream in which there are relatively stable alluvial 
islands and two or more separate channels. Such 
channels usually have sinuosity ratios consider­
ably less than 1.5 (Leopold and Wolman, 1957, p. 
60).
Table 1. Missouri River: Length, Low Water Slope, and Sinuosity Ratios in 1890 and 1946
Stream reach Stream miles S lope (ft/mile) Sinuosity ratio
From To 1890 1946 1890 1946 1890 1946
Sioux City, Iowa Onawa, Iowa 66.0 4 5 .8 ' 0 .98 1.91 1.33
Onawa, Iowa Crescent City, Iowa 69.0 71.0 - 0 .80* 0.82 1.49 1.44
Crescent City, Iowa Plattsmouth, Nebr. 32.0 29 .0 0 .58 1.45 1.32
Plattsmouth, Nebr. Nebraska City, Nebr. 2 5 . 9*
(4 3 .0 ) 4 3 .0 ’
1 .23*
1.24 » 1.28 1.28
Nebraska City, Nebr. Hamburg, Iowa J ►
0.97* J
Hamburg, Iowa Rulo, Nebr. 66.0 60.0  ^ 1.03 1.48 1.31
Rulo, Nebr. Kansas City, Mo. 146.8* 0 .83*
Notes: *Data from U. S. Army Corps of Engineers (1935, p. 734). A l l  other data from Glenn (1960, p. 26)
Natural channel in 1890; constructed and controlled channel in 1946.
Stream distance Sioux C ity , Iowa, to Rulo, N ebr., 276 m iles in 1890 and 248.8  miles in 1946, or 
shortening of 27.2  m iles.
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Influence of the Platte River
Channel width, sinuosity, low-water slope gra­
dient, and bed accretion of the Missouri River 
change at the mouth of the Platte River. These pro­
perties differ markedly above and below the 
juncture. Why? "The Missouri receives the dis­
charge of the Platte River... .This tributary greatly 
influences the character of the main stem. The 
Platte carries a heavy sedimentary load, both in 
suspension and along the stream bed. The material 
is somewhat coarser than that transported by the 
Missouri above its point of confluence with the
Platte___” (U. S. Army Corps of Engineers, 1935, p.
1042).
Suspended load
A comparison of the suspended load carried by 
the Platte River near its mouth and the suspended 
load carried by the Missouri River at Omaha shows 
one of the effects that the Platte has on the 
regimen of the Missouri. During July 1, 1929, to 
June 30, 1930, the Platte carried 16.8 million tons 
of sediment during an annual discharge of 5.01 
million acre-feet of water (U. S. Army Corps of 
Engineers, 1935, p. 1065). During the same period, 
the Missouri at Omaha carried 113 million tons of 
sediment during an annual discharge of 19.9 
million acre-feet of water. The value of tons/acre- 
foot for the Platte was 3.35 and, for the Missouri, 
was 5.68. On the basis of equal volume of water, 
the suspended load of the Platte was 59.1 percent of 
the suspended load of the Missouri.
During July 1, 1930, to June 30, 1931, the sus­
pended load of the Platte was 9.34 million tons in 
an annual discharge of 4.44 million acre-feet of 
water. During the same period, the suspended load 
of the Missouri at Omaha was 44.1 million tons in 
an annual discharge of 13.1 million acre-feet of 
water. The value of tons/acre-foot for the Platte 
was 2.10 and, for the Missouri, was 3.37. On the 
basis of equal volume of water, the suspended load 
of the Platte was 62.5 percent of the suspended load 
of the Missouri.
These comparisons of 59 and 62 percent are re­
markable in that the Platte River drains an area of 
only 90,200 square miles, in contrast to the Mis­
souri River’s drainage area of 323,530 square miles 
above the mouth of the Platte. The Missouri River 
must suddenly adjust at the mouth of the Platte to 
handle a suspended load’ 0.6 as large on a unit 
volume basis as the load that the Missouri is 
already carrying.
To better comprehend the magnitude of the role 
of the Platte, this stream ranked third among all 
major tributaries of the Missouri River above 
Kansas City in contributing suspended load to the 
big river during the 2-year period. Only the
Yellowstone and Kansas rivers contributed more 
sediment. In comparison with Iowa streams, the 
Platte contributed 9.98 percent of the sediment in 
the Missouri River passing Kansas City, whereas 
the Little Sioux furnished only 0.17 percent and 
the Big Sioux only 0.15 percent.
Bed load
The Platte River also contributes a sizable bed 
load to the Missouri. During 1929, the annual bed 
load of the Platte was 7.57 million tons, or 64.2 per­
cent of the bed load of the Missouri at Omaha, 
which was 11.79 million tons (U. S. Army Corps of 
Engineers, 1935, p. 1146). During 1930, these 
respective values were 7.04 million tons, 84.1 per­
cent, and 8.38 million tons. During 1931, the values 
were 3.59 million tons, 87.3 percent, and 4.11 
million tons. So, not only does the Missouri River 
suddenly have to adjust itself to a sizable sus­
pended load introduced by the Platte, but the big 
river also must adjust itself to handle a bed load 
0.6 to 0.9 as large as the bed load already in 
transport. The regimen of the Missouri River must 
change to compensate for the additional burdens.
Particle size of bed-load sediment
The Platte River influences the Missouri River 
in another way. The Platte transports a coarser- 
textured bed load than does the Missouri above the 
mouth of the Platte (fig. 1). The Platte bed load has 
40 percent gravel and very coarse and coarse sand. 
The Missouri above the mouth of the Platte has on­
ly 2 percent of its bed load in the same size frac­
tions. Below the mouth of the Platte, the Missouri 
bed load increases appreciably in content of 
coarser-size fractions (fig. 1).
Changes caused by sediment factors
The three sediment factors of suspended load, 
bed load, and size of sediment particles introduced 
by the Platte into the Missouri cause a change in 
regimen of the major river. The Platte at times con­
tributes more load to the Missouri than the Mis­
souri is capable of handling (U. S. Army Corps of 
Engineers, 1935, p. 1161). The first evident effect, 
as previously noted, is the building of the mound or 
alluvial fan in the Missouri River Valley at the 
mouth of the Platte. Mound-building causes a flat­
tening of stream gradient above the Platte mouth.
The addition of the Platte load to the Missouri 
also results in noticeable changes in the bed of the 
Missouri below the mouth of the Platte. During 
June 1930, as the Missouri River stage fluctuated 2 
feet at Plattsmouth and 2.6 feet at Omaha, the
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elevation of the bed fluctuated 8.7 feet at Plat- 
tsmouth, but only 2.6 feet at Omaha (U. S. Army 
Corps of Engineers, 1935, p. 1162). During August 
1930, with stage fluctuations of 1.3 to 1.9 feet, bed 
fluctuations were 3.5 and 1.7 feet at the respective 
locations. Other monthly measurements also show 
greater magnitudes of bed accretion in the Mis­
souri below than above the mouth of the Platte. 
Such conditions were evident as far downstream as 
Nebraska City.
Bed accretion forms bars and islands, which in 
turn, cause stream braiding; that is, the formation 
of two or more channels. This in turn causes in­
crease in channel width and reduces sinuosity or 
meandering. Thus, the Missouri River reach below 
the mouth of the Platte had a braided regimen in 
its natural condition before channel improvement 
by man. The Otoe Bend area is in that reach of the 
Missouri River that was in a natural braided condi­
tion.
OTOE BEND AREA
History of the Missouri River, construction of 
the floodplain, and the formation of soils in the 
Otoe Bend area were studied by: (1) tracing the 
lateral migration of the stream channel, (2) trac­
ing the lateral continuity of sediments, (3) de­
termining the chronological construction of land 
features, and (4) relating kinds of soils to specific 
parts of the alluvial plain.
Historic Lateral Migration of Channel
Lateral migration was quantitatively evaluated 
by comparison of a chronologic sequence of maps 
and aerial photographs. The map dates are 
1852-56, 1879, 1890, 1895, 1903, 1905, 1919, 1923, 
1924, 1926, 1928, 1930, 1940, and 1946-47. The 
aerial photograph dates are 1925,1930,1936,1937, 
1938, 1939, 1941, 1944-45, 1947, 1960, and 1966. 
The maps and photographs are identified and 
cataloged in figure and plate captions included in 
the rest of this report. Many of them are not 
published in citable technical literature.
The documents have various scales; thus, com­
mon features on any adjacent two of them in the 
chronological sequence must be identified so that 
channel position may be fixed geographically. If ac­
curate location is desired, maps of the sequence 
should have the same degree of detail. Such detail 
can rarely be achieved. Photogrammetric control 
was introduced in the sequence in 1925 and 1926. 
After that time, accuracy of the maps is greater 
than before, when only optical surveying was done.
In using older and newer maps and photo­
graphs, many problems arise. The first map of 1852
and 1856 (fig. 2) shows only section lines, the Iowa 
bank surveyed in 1852, the Nebraska bank sur­
veyed in 1856, and an island identified as parts of 
sections 19 and 30. Note the straight continuation 
of section lines through section comers. These lines 
are inaccurate. Later maps, such as 1940, show 
angular deviation of the section lines from straight 
alignment. These angular deviations are normal 
corrections not uncommon in most old land sur­
veys. The stream banks on the 1852 and 1856 map 
are located relative to the straight section grid. 
One must conclude, then, that the bank positions 
are only approximately located relative to later, 
more accurate maps. Note further that no land 
features are shown on this earliest map.
A land feature may be shown on an earlier map 
and may be traced through later maps and photo­
graphs. In 1879, the left bank of the river was at 
Payne’s Landing (fig. 3). The left bank of a stream 
is the bank to the left as an observer faces 
downstream. From the landing, an abandoned nar­
row channel curved northeastward to the K. C., St. 
J., & C. B. Railroad. The left bank of the river ex­
tended southeastward for a short distance from the 
landing. Payne’s Landing was on a V-shaped area 
with the apex of the V toward the west. Note the 
same land feature on the map of 1890 (fig. 3). This 
feature can be traced through the sequence of maps 
and photographs and is preserved in the area today 
(plate 1, E). The river, however, is now about 1 mile 
west of Payne’s Landing of 1879 and 1890.
Payne’s Landing area is on maps of 1879, 1890, 
1905, 1928, 1930, and 1946-47. It does not appear 
on maps of 1895, 1903, 1919, 1923, 1924, 1926, and 
1940. It must have been present, but was not re­
corded by a mapper or cartographer. Herein lies 
the difficulty in establishing a chronology based on 
older maps. A current user can only note that a 
specific feature appears on a map of a given year. 
That year dates the feature, but the landform may 
be older and simply had not been mapped. Thus, 
the V-shaped Payne’s Landing area is dated 1879.
Other features may be located on the various 
maps and photographs and are usable as control 
points. Bank positions of the river channel at 
specific times can be located relative to the same 
features that appear on any two maps in sequence. 
For example, use the south line of sections 11 and 
12 and locate the southeast comer of section 12, the 
T road intersection just west of a railroad crossing 
(fig. 3, cf. fig. 2). In 1852-56, the left bank of the 
river was about 2.6 miles west of the corner. In 
1879, the distance was about 2.05 miles. Along this 
line, the left bank of the channel migrated slightly 
more than half a mile eastward. In 1890, the left 
bank of a narrow channel was slightly less than a 
mile west of the corner, but the left bank of the 
main channel, west of an accretion mass in the 
channel, was slightly more than miles west of
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the corner. Between 1870 and 1890, the left bank of 
the channel moved about 1.07 miles to the east, but 
also moved back about 0.55 mile toward the west.
Note, however, that the point at Payne’s Land­
ing is at the same location. The left bank of the 
channel moved little if any at that place during 
1879 to 1890. Consequently, the left bank, or the 
right bank, can move to the left, to the right, or re­
main at the same place during any historic time 
span. All these possibilities must be considered in 
the migration of the channel.
1852 to 1879
Comparison of the 1879 map with the 1852-56 
map shows a general displacement of the channel 
to the left, toward Iowa. In detail, the right and left 
banks were displaced to the right and to the left 
(table 2). Maximum displacement of the right bank 
to the right was 0.83 mile and, to the left, was 0.94 
mile. Maximum shift of the left bank to the right 
was 0.27 mile and to the left was 0.68 mile. 
Minimum shifts of the right bank were 0.03 mile to 
the right and 0.10 mile to the left. Minimum dis­
placement of the left bank was 0.10 mile to the 
right and 0.26 mile to the left. Mean displacement 
of the right bank was 0.36 mile to the right and 
0.54 mile to the left and, of the left bank, was 0.18 
mile to the right and 0.47 mile to the left. These 
maximum, minimum, and mean values are 
calculated from a number (N) of equally spaced 
measurements along the stream length. Six 
measures showed the right bank displaced to the 
right, and 14 measures showed the right bank dis­
placed to the left. For the left bank, there were 3 
measures to the right and 14 measures to the left. 
By knowing the mean displacement of each bank to 
the right or left and the number of measures of 
each directional displacement, a frequency- 
magnitude displacement is the product of the mean 
(X) and the number (N) (table 2). Right displace­
ment of the right bank is 2.16, and left displace­
ment of the right bank is 7.56. The difference or net 
change is 7.56 — 2.16, or 5.40 left. This is a 
magnitude index of the general shift of the right 
bank to the left. Manipulating the data for the left 
bank gives a magnitude index of displacement of 
5.96 to the left. Therefore, both banks shifted to the 
left or toward Iowa
This quantitative technique is applied to all 
maps from 1852 to 1930 when the channel was in 
its natural state. For comparative purposes, the 
magnitude indexes are ranked for each bank from 
1 to 10, with 1 being the greatest shift, and 10 be­
ing the smallest displacement (table 2).
1879 to 1890
Note the change in river positions between 
1879 at half stage and 1890 at standard low-water
stage (fig. 3). The left bank extended almost due 
south from Payne’s Landing in 1879. In 1890, the 
left bank extended southeasterly through section 
11. This bank position is present on the landscape 
today and is marked by a scarp that faces 
southwest (plate 1). In central section 11, relief 
along the scarp is 4 to 6 feet, with the lower surface 
on the southwestern side. Further, a paralleling 
chute or narrow channel extends southward to 
Sydney Landing (fig. 3). An abandoned narrow 
channel, now known as the Iowa Chute, is present 
near these positions on the landscape today (plate 
1). But, the main channel in 1890 is west of the 
chute.
On the basis of map evaluation, the left bank of 
the river moved left from the 1879 position to the 
scarp and to the left bank of the Iowa Chute (fig. 3). 
This shift happened between 1879 and 1890 
because, in 1890, the channel is right of the scarp- 
chute position. Thus, the channel not only shifted 
to the left, but also moved to the right between 
1879 and 1890. The magnitudes of shifts of the left 
bank were 8.75 left and 7.75 right, and the changes 
of the right bank were 9.30 left followed by 6.85 
right (table 2).
1890 to 1895
The map of 1895 shows only the presumed posi­
tion of the right bank of the Missouri River (fig. 4). 
The map was compiled from plats of the County 
Assessor, Otoe County, Nebraska. In addition to 
the bank, only section lines are shown. The lines 
pass through comers without the angular devia­
tions that appear as survey corrections on more 
modern maps. On this basis, a question may be 
raised concerning accuracy of the map.
Another map of 1895 leads to further question­
ing of the assessor’s map. A survey of sections 3 
and 4 (fig. 5) made by John Gregg, County 
Surveyor, Fremont County, Iowa, on Feb. 14 and 
15, 1895, shows accretion, sloughs, and willow 
thickets throughout section 3 and almost to the 
southwestern comer of the section. Referring to the 
right bank shown on the assessor’s map of 1895 
(fig. 4), the Missouri River would have been only an 
eighth of a mile wide in this area Such a width is 
abnormal throughout the history of the river at 
Otoe Bend shown on all maps and photographs. At 
best, the assessor’s map can be considered only an 
approximation of the bank position. The surveyor’s 
map, at least, has some standard surveying 
designations on it.
On this rather insecure basis, comparison can 
be made between 1890 and 1895, but only right 
bank positions can be examined. The net 
magnitude of shift was 0.59 toward the left (table 
2).
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Table 2 . Magnitude of Natural Bank Changes of Missouri River in Otoe Bend Area, 1852 to 1930
Time Bank Maximum Minimum Mean
(X)
Measures
(N)
XN Net
(Index)
Change
(Rank)
(mile) (mile) (mile)
(*)
1852 to 1879 --------- R (right) 0.83R 0.03R 0.36R 6 2 .1 6
5.40L 3
0.94L 0.10L 0.54L 14 7 .56
L ( le f t ) 0.27R 0.10R 0.18R 3 0 .54
5.96L 4
0.68L 0.26L 0.47L 14 6.51
1879 to 1879&90 — -----R 1.59L 0.22L 0.93L 10 9.30 9.30L 1
L 1.20L 0 .00 0.67L 13 8.75 8.75L 1
1879&90 to 1890 —------R 0.88R 0.04R 0.46R 15 6.85 6.85R 2
L 1.02R 0.00 0.46R 17 7.75 7.75R 2
1890 to 1895 --------- R (only) 0.58R 0.00 0.15R 24 3 .68
0.59L 8
0.86L 0.23L 0.61L 7 4 .27
1895 to 1903 ------- R (only) 0.62R 0.04R 0.29R 21 6.08
4.55R 4
0.37L 0.07L 0.22L 7 1.53
1903 to 1905 ---------------R 0 . 94r 0.28R 0.61R 12 7 .28
3.16R 5
1.00L 0.06L 0.59L 7 4 .12
L 1.00R 0.12R 0.46R 17 7 .86
2.46R 6
0.88L 0 .00 0.54L 10 5 .37
1905 to 1919 -----------L  (only) — — — — 5 .5 6 5.56L 5
1919 to 1923----------- L (only) 0.06R 0.00 0.03R 11 0.35
0.48L 9
0.10L 0.00 0.05L 17 0.83
1905 to 1923----------- -  R 0.96R 0.07R 0.36R 15 5 .41
2.50R 7
0.98L 0.04L 0.42L 7 2 .9 1
L 0.28R 0.05R 0.17R 8 1.38
1.04L 0.10L 0.41L 18 7.42
1923 to 1926----------- -  R 0.46R 0.04R 0.20R 18 3.53
2.71R 6
0.25L 0.02L 0.09L 9 0.82
L 0.12R 0.05R 0.07R 11 0.77
0.01L 10
0.13L 0.03L 0.06L 14 0 .78
1926 to 1928 --------- -  R 0.21R 0 .04r 0.10R 13 1.31
0.5QR 9
0.11L 0.05L 0.08L 10 0.81
L 0.07R 0.03R 0.05R 3 0 .1 6
0.82L 8
0.13L 0.03L 0.07L 15 0 .98
1928 to 1930-------- -  R 0.10L 0.05L 0.07L 3 0.22 0.22L 10
L 0.43R 0.05R 0.21R 9 1.93 1.93R 7
*Rank in order for each bank.
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1895 to 1903
The 1903 map (fig. 6) probably is the least ac­
curate of all in positioning the Missouri River at 
Otoe Bend. The map is extracted from a larger map 
of the Surficial Deposits of Fremont County, Iowa, 
published by J. A. Udden as part of the report on 
the geology of Fremont and Mills counties by the 
Iowa Geological Survey. Evidently, Udden used an 
old engraving by a firm in Davenport, Iowa, as his 
base map. Somehow this same map was used as 
late as 1935 in county plat books. The map may 
have been as accurate in 1903 as it was in 1935 (cf. 
fig. 6 with succeeding figs.).
To maintain chronologic continuity, even 
though map accuracy is questionable, the right 
bank could have shifted a magnitude of 4.55 to the 
right from 1895 to 1903 (table 2).
1903 to 1905
The next map in sequence, and probably the 
most accurate map since 1890, is the Nebraska 
City 15-minute quadrangle sheet of the U. S. 
Geological Survey. The river channels in 1905 (fig. 
7) were displaced to the right relative to the posi­
tion of 1903. The right bank shifted 3.16 to the 
right, and the left bank moved 2.46 to the right 
(table 2).
A possible mechanism for cause of shift of the 
river westward may be deduced by comparison of 
the most accurate of the maps in the chronological 
sequence to and including 1905. In 1879 at half 
stage, numerous areas of bed accretion were in the 
channel west of Payne’s Landing and near mile 605 
(fig. 3). This general channel area evidently re­
mained active depositionally because, at standard 
low water in 1890, a large island had formed in the 
channel (fig. 3). The central portion of the island 
had stabilized under vegetative growth. The main 
channel was south or right of the island. A secon­
dary channel was north or left of the island. Large 
parts of the island accretion were in sections 3 and 
4 in 1890 (fig. 7).
In 1895 (fig. 5), the secondary channel north of 
the island in sections 3 and 4 was gone. The old left 
bank in section 3 was marked by high ground, and 
the old secondary channel was sand, sandbar, and 
slough. Parts of the old island were under willow 
thicket. The island was attached to the left, or Iowa 
bank, by the mechanism of bed and bank accretion. 
This large accretionary mass in sections 3 and 4 
(fig. 7) evidently caused deflection of the river to 
the right, or southward, from the 1890 course to the 
position of 1905. This permitted the stream to reoc­
cupy, in 1905, the general area of the main channel 
and western chute of the 1890 pattern in sections
10, 15, and 32. During this shift at Otoe Bend, the 
left bank migrated as much as 1 mile to the right 
or westward. In 1890, the left bank was near the 
northeastern corner of section 14, but in 1905 it 
was near the northwestern comer of the section 
(fig. 7).
Many geomorphic features, scarps, chutes, and 
linear low-relief ridges, are on the landscape today 
between the left-bank positions of 1890 and 1905 
(fig. 7, cf. fig. 5 and plate 1). The 1890 left bank is 
marked by the scarp and the left bank of the Iowa 
Chute (plate 1, sequence form, sf-3). Between sf-3 
and the 1905 left-bank position, which passes 
through the southeastern comer of section 10 (fig. 
7), are nine features, sf-4 through sf-12 (plate 1). 
Scarps 4 and 5 and chute 6 had formed by 1895 
(plate 1, cf. fig. 5 and plate 3). Scarps 7 and 8, 
linear ridge pattern 9, chute 10, and scarps 11 and 
12 are then in sequence between 1895 and 1905 
positions. There are seven landscape features that 
mark left-bank or near-left-bank channel positions 
during this 10-year period. These features are in 
sequence from left to right, or generally east to 
west. The channel migrated to the right or 
westward in a sequence of seven steps in 10 years.
Thus, the large accretionary mass in sections 3 
and 4 forced southerly diversion of the river at the 
north end of Otoe Bend. This, in turn, caused a 
general contraction of the curvature of the entire 
bend. Such contraction in a sequence of steps re­
sulted in movement of the channel away from the 
Iowa side of the river and toward the Nebraska 
side. The resultant land forms, sf-3 to sf-12 (plate 
1), were attached to Iowa in sequence.
1905 to 1919
Only left-bank displacement may be analyzed 
because the 1919 map does not show the right 
bank. The left bank moved to the left (cf. figs. 7 and 
8) through a shift index of 5.56 (table 2). In 1919, 
sizable areas of accretion were along the left bank 
as sandbars with narrow chutes interposed 
between the bank and the bars (fig. 8).
1919 to 1923
Only left-bank migration again may be de­
termined, and there was little relative displace­
ment (cf. figs. 8 and 9). The shift index is only 0.48 
to the left (table 2). In 1923, the channel also was 
distinctly braided with numerous islands, some 
with stands of willows and some with accreted 
peripheral bars (fig. 9). And again, a narrow chute 
was along the left bank from section 10 to 14 and 
23.
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1923 to 1930
Throughout this time, the Missouri River chan­
nel had a general overall similar pattern. The 
channel was relatively narrow in section 10, 
broadened considerably along sections 14 and 23, 
and constricted again at the south line of section 
23. From 1923 to 1926 (cf. figs. 9 to 12), the right 
bank shifted to the right, with an index of 2.71, but 
the left bank had little migration, with an index of 
0.01 to the left (table 2). In 1926 (fig. 12) and 
relative to 1925 (fig. 11), the channel was 
dominated throughout by bed and bank accretion. 
Willow stands were established on the bank accre­
tion along sections 14 and 23, but the chute along 
the left bank, noted in 1923 (fig. 9), was further 
constricted, but more distinctly defined.
The first aerial photograph of 1925 of the Otoe 
Bend area may be examined here (fig. 11). Even 
though the water of the main channel is partly or 
entirely frozen, the accretion bodies, channels, and 
chutes are distinct. The distribution of the features 
is in excellent agreement with the same features 
shown on the 1926 map (cf. figs. 11 and 12).
From 1926 to 1928 (cf. figs. 12 and 13), only 
minor displacement of the banks occurred. The 
right bank shift is 0.50 to the right, and the left 
bank is 0.82 to the left (table 2). In 1928, the chan­
nel was still braided, and the accretion areas with 
willows along the left bank and the interposed 
chute remained defined (fig. 13).
A distinct change occurred between 1928 and 
1930 (cf. figs. 13 and 14). The right bank showed 
little change with the shift only 0.22 to the left, but 
the left bank had an index of 1.93 to the right 
(table 2) caused by the attachment of a sizable ac­
cretion body to the Iowa bank. This body is iden­
tified by two areas of willows with an intervening 
chute in the southwestern part of section 14 and 
the northwestern part of section 23 in 1926 (fig. 
12). These areas also are distinct on the 1925 aerial 
photograph (fig. 11). In 1930, the main channel 
diverted to the west margin of the main willow 
area (cf. figs. 14 and 12). The intervening chute 
traced from 1925 to 1930 became part of the Iowa 
floodplain in 1930. The chute was narrowly looped 
northeastward near the center of section 14 and 
then extended sinuously southward through sec­
tions 14 and 23 where the left bank of the channel 
was rejoined (fig. 14). The looped chute is distinct 
on the aerial photograph of 1930 (fig. 15) and all 
subsequent aerial photographs. This is an excellent 
example of the historic development of a mark on 
the soil. This feature is distinct and can be mapped 
on the ground today (plate 1).
The natural migration of the Missouri River 
channel is completed at this point because subse­
quent maps or aerial photographs record man’s im­
provement of the channel.
Natural Channel Migration, 1852 to 1930
All the explanatory detail of bank shifting and 
the data of table 2 can be reduced to graphic form 
(fig. 16). By using the 1852 position of the left bank 
and the 1856 position of the right bank as zero 
points, left and right bank displacements are 
plotted. Cumulative algebraic sums of the shift in­
dexes (table 2) are located by calendar years, and 
the points are connected by a line. Median trends 
are shown by broken lines. In summary, both 
banks shifted left from 1850 to a time between 
1880 and 1890 and then shifted right to 1890 with 
about the same degree of magnitude. About 1900, 
the left bank began and continued a trend of shift 
toward the left until 1930. At the same time, the 
right bank began and continued a trend of shift to 
the right until 1930. During this period, the banks 
migrated away from each other with a resultant 
broadening of the channel in the Otoe Bend area. 
The left bank never regained, but continued to be 
positioned considerably to the left of, the 1852 bank 
position. The right bank, in its migration to the 
right, crossed the 1856 bank position and, in 1930, 
was significantly to the right of the original bank 
position. In the earlier history of the migration, one 
bank was essentially parallel to the other. In the 
later history, bank migrations were independent of 
each other.
As the channel shifted, its curvature changed. 
In 1852 and 1856, the sinuosity ratio was 1.11; in 
1879, 1.30; 1879 and 1890, 1.24; 1890, 1.31; 1895, 
1.73; 1903, 1.75; 1905, 1.27; 1923, 1.10; 1926, 1.09; 
1928, 1.09; and 1930, 1.09. Thus, from a braided 
bend of slight curvature in 1852 and 1856, the 
channel developed a true meander from 1895 to 
1903 at the times of maximum shift to the left. 
Then, as the channel migrated to the right, the 
curvature decreased to its original pattern.
Chutes
A very common land feature in the Otoe Bend 
area is a long, narrow, constricted, straight, curved 
or sinuous depression that extends across country 
and can be mapped without difficulty (plate 1). 
These features are abandoned channels commonly 
called "chutes,” and the best known is the "Iowa 
Chute.” There are many of these features in the 
area, and, with reference to plate 1, chutes will be 
located and some will be numbered and named. 
Mule Chute (1) extends from Payne’s Landing area 
in section 3 northward toward Payne Junction. 
Iowa Chute (3) extends from the northwestern part 
of section 3 generally southward through sections 
10, 11, 12, 13, 24, and 23. In the southern part of 
section 3, a short chute (6) extends westward to the 
levee. Crib Chute (10) extends from the levee in 
section 10 through 11 to the center of section 14.
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Looped Chute (14) extends from the center of sec­
tion 14 into section 23. The long chute paralleling 
the west side of the levee from section 10 to section 
23 is artificial. It was the borrow area for construc­
tion of the levee. To the west of Borrow Chute is a 
series of parallel chutes. These bound the area 
known as Schemmel Island on the east The Mis­
souri River bounds the island on the west.
What is the significance of a chute, and how 
does it form? Refer again to the maps and aerial 
photographs. As the channel shifted from the 
1852-56 to the 1879 position (figs. 2 and 3), a large 
body of sediment shown by stippled pattern in fig. 3 
accreted to the right convex bank. This sediment 
was attached to the east part of Frazer’s Island. A 
narrow, sinuous chute crosses the bank accretion 
and generally is along the contact between the ac­
cretion and the land to the west. Sediment, also 
shown by stippled pattern, is attached to the left- 
concave bank north of Frazer’s Island and also is 
crossed by chutes.
Examine the 1890 map (fig. 3). A very narrow 
sinuous chute crosses the accretion attached to 
Frazer’s Island on the right-convex bank. Recall 
that the first channel shift between 1879 and 1890 
was to the left. As migration occurred, sediment 
was attached to the right-convex bank, and a chute 
remained. Note, however, the chute along the left- 
concave bank near Sydney Landing. Recall that the 
second channel shift between 1879 and 1890 was to 
the right. As migration occurred, sediment was at­
tached to the left-concave bank, and a chute (Iowa 
Chute) remained.
Chutes were present in 1905 (fig . 7), 
particularly along the left-concave bank. Recall 
that channel migration was to the right. Thus, ac­
cretion bodies and chutes were left behind as the 
channel moved away from a bank.
In 1919 (fig. 8), a chute separates channel de­
posits (sandbars) from the main bank, which is 
again the left-concave side. Recall that the left 
bank migrated to the left between 1905 and 1919. 
So, accretion may occur along the bank toward 
which the channel migrated. The landlocking of 
this 1919 chute can be traced in great detail to 
1930.
In 1923 (fig. 9), the chute was wider and was 
between the left-concave bank and a long, curved 
island that had a stand of small willows. The main 
channel, as shown by soundings, was farther to the 
west. In low-water stage during the cold season of 
1925 (fig. 11), the same chute was distinct, but a 
crossover chute had formed.’ Looped Chute (plate 1, 
14) began to form. In 1926 (fig. 12) and 1928 (fig. 
13), areas bounding the chute and crossover were 
stabilized under willows. In 1930 (figs. 14, 15), the 
left bank had shifted to the west side of the main 
area stabilized by willows. Looped Chute had 
formed and was a part of the Iowa alluvial plain.
From the foregoing history, certain generaliza­
tions can be made about the formation of chutes. 
They form in bed and bank accretions in a braided 
stream channel. They commonly form at and along 
the contact between bank accretions and the bank. 
They commonly form in the bank accretion as the 
main channel shifts away from the bank. They 
form concurrently along opposing convex and con­
cave banks. They form in accretion deposits near to 
and distant from the main channel. They never are 
the main channel. They become landlocked by 
stabilization of bank accretion and shift of the 
main channel away from the bank accretion. 
Landlocking of chutes is a normal, gradual process, 
as, for example, Looped Chute that gradually 
formed and became landlocked between 1919 and 
1930.
Landscape and Dating of Components
By using the classification of belts of the Mis­
souri River floodplain (Glenn, 1960; Dahl, 1961), 
the area to the left or generally east of 1879 and 
1890 scarp and Iowa Chute is the meander belt 
(plate 1). This allignment corrects Dahl’s (1961) 
mapping, which placed the western meander belt 
margin along the 1879 scarp in section 3, along the 
left bank of the Iowa Chute in section 10, along the 
left bank of Crib Chute (10) in sections 11 and 14, 
and along the left bank of the Looped Chute (14) in 
sections 14 and 23. Dahl’s line is incorrect because 
it crosses from one natural feature that can be 
mapped to another, and the line has no natural or 
age continuity. The area to the right or west of the 
1879 and 1890 scarp and the Iowa Chute is the 
true channel belt of Glenn and Dahl.
Meander belt
The western margin of the meander belt is the 
major break physiographically and pedologically in 
the Otoe Bend area. To the left or east, relief and 
land features are subdued. Soils generally have 
been leached of carbonates. Elevations are slightly 
higher than on the land surface to the right or 
west. At the east end of traverse A (plate 1), the 
elevation is 916.2 feet, and at the east end of 
traverse B, the ground surface is 916.4 feet. All 
elevations were surveyed by transit and rod and 
tied to the U. S. Coast and Geodetic Survey 
benchmark Q-9 located along the C. B. & Q. 
Railroad at the northeastern corner of section 11.
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Channel belt
This area has many features made by the Mis­
souri River. These landforms are smoothly curved 
scarps that mark former left-bank positions, chutes 
that mark former narrow channels, and low-relief 
curvilinear ridges that may represent former accre­
tion bars. With use of the maps and aerial photo­
graphs, these specific land features may be related 
historically, and some of them can be dated by 
calendar year. Dated features are labeled on plate 
3. Compare plates 1 and 3 throughout the following 
discussion.
The 1879 and 1890 scarp marks the left limit of 
the channel belt. Near the center of section 11, this 
scarp is 4 to 6 feet high, with the channel belt 
standing lower. Between this scarp and the Iowa 
Chute in sections 10 and 11 is a second scarp that, 
in turn, steps down toward the levee. The Iowa 
Chute is the third feature in the physiographic and 
historic sequence. The chute at traverse A is 90 
feet wide, bank to bank. The left bank is at 916.8 
feet in elevation, the chute center is 910.0 feet, and 
the right bank is 916.1 feet The chute depth, then, 
is 6.1 to 6.8 feet. At traverse B, the left bank is
916.8 feet, the chute center is 911.5 feet, and the 
right bank is 914.6 feet. Here, the chute depth is 
3.1 to 5.3 feet. At Payne’s Landing (traverse E), the 
left bank is 919.2 feet, the chute center is 912.4 
feet, and the right bank is 914.4 feet. Here, the 
chute depth is 2 or 6.8 feet, depending upon the 
direction of approach. Here also, the channel belt is
4.8 feet below the surface of the adjacent meander 
belt.
Although in the Payne’s Landing area, other 
marks on the soil are distinct and can be mapped, a 
chute diverges from the Iowa Chute and extends to 
the levee. Then, a curved scarp extends from the 
levee southward to another chute labeled 6 and 
1895. This dating is based upon the map of the Fre­
mont County Surveyor (fig. 5). Note his mapping of 
"slough” in the southwestern comer of section 3 
and compare the location of the 1895 chute. All the 
foregoing features date from 1890 to 1895.
South of this last chute are two additional 
scarps in section 10 labeled 7 and 8. In section 14, 
one pattern of low-relief curvilinear ridges is 
angularly discordant to another pattern. The con­
tact is labeled 9. A shift in direction of bar accre­
tion is indicated and shows a realignment of the 
river channel. A major chute, labeled 10, cuts 
across the ridge pattern in section 14 and must be 
younger. Two other scarps, labeled 11 and 12, are 
to the right of the major chute. All these features 
from the 1895 chute are on the land to the left or 
east of the left bank of the river shown on the 1905 
map (fig. 7). Thus, these features date from 1895 to 
1905. There is no feature on the ground today that
coincides with the left bank position of the river in 
1905.
What are the morphometries of some of these 
features? At the comcrib near the center of the 
north line of section 14 (traverse C), the left bank 
of the chute is at elevation 914 feet, the center of 
the chute is 911.4 feet, and the right bank is 912.9 
feet. The depth, then, is 1.5 to 2.6 feet. Along the 
left bank and approximately 940 feet to the south, 
the respective values are 914.5, 911.0, and 913.1 
feet. The depth here is 2.1 to 3.5 feet. About 800 
feet west of this chute site (left bank), the top of the 
curved scarp is 914.0 feet, and the base is 912.9 
feet. Scarp relief is 1.1 feet. Approximately 370 feet 
farther south along the left bank of the chute, the 
left-bank elevation is 914.9 feet, the chute center is 
911.0 feet, and the right bank is 913.2 feet. Depth 
of the chute is 2.1 to 3.5 feet. Approximately 530 
feet to the west of this chute site (left bank), the top 
of the scarp, just mentioned, is 914 feet, and its 
base is 913 feet. Relief is 1 foot. Another 600 feet 
south along the left bank of the chute, the left-bank 
elevation is 914.5 feet, the chute center is 911.6 
feet, and the right bank is 913.6 feet. Chute depth 
is 0.9 to 2.9 feet. At these four chute locations, 
widths from north to south are 192, 138, 312, and 
222 feet, respectively.
What do scarps represent? Examine in detail a 
scarp that extends from near the northwestern cor­
ner of section 14 southeastward to the center of the 
section, and which continues southeastward to 
juncture with the left bank of Looped Chute (plate 
1). This scarp cuts across the major chute, labeled 
10, near the center of section 14. From the center 
line of the section and for a distance of 1,430 feet to 
the southeast, six sets of measurements were made 
across the scarp. In all instances, the left side is 
high, and the right side is low. The high, low, and 
scarp height measurements for the six sets in order 
are: 913.7, 912.4, 1.3; 913.8, 912.5, 1.3; 914.1, 912.6, 
1.5; 915.0 913.5, 1.5; 914.8, 913.1, 1.7; and 914.7, 
913.0,1.7.
From a point along this scarp about 900 feet 
northwest of the center of section 14 to the levee at 
the northwestern comer of the section (plate 1), 
this scarp is the exact position of the 1923 left bank 
of the Missouri River (fig. 9). From the same point 
along the scarp and southeastward to where the 
scarp joins the left bank of Looped Chute (plate 1), 
this scarp is the exact position of the 1928 left bank 
of the Missouri River (fig. 13). Southward along the 
left bank of Looped Chute are the exact positions 
successively of the 1926 (fig. 12) and 1923 (fig. 9) 
left banks of the Missouri River. Thus, scarps pre­
served on the landscape in the Otoe Bend area 
mark left-bank positions of the Missouri River as 
that stream migrated generally from the east 
toward the west. Some of them may be dated in 
calendar years (plate 3).
Schemmel Island
The part of the Otoe Bend area between the 
1966 channel and the first chute system to the left 
or generally east of the channel (plate 1) must be 
analyzed separately. A specific area of interest in 
this study lies between the left bank of the channel 
and the right bank of the first chute to the east. 
This area is Schemmel Island. The natural history 
of the area can be traced to 1930, but after that 
time, this land was constructed during the control­
ling of the Missouri River channel. On the aerial 
photograph of 1930 (fig. 15), no channel-control 
structures are visible, but they are distinct on the 
aerial photograph of 1936 (fig. 17).
Natural history
The Schemmel Island area of about 495 acres 
may be fitted on the maps of 1852 and 1856 
through 1930, and the natural history of the area 
may be reconstructed (table 3). In 1852-56, 456 
acres or 92 percent were left bank or Iowa land,
and 39 acres or 8 percent were occupied by the 
river channel. As the channel shifted to the left, 
changes took place. In 1879, 132 acres were still 
Iowa land, but 345 acres were now occupied by 
channel, and 18 acres were accreted to the 
Nebraska bank. In 1890, 34 acres were Nebraska 
land, 94 acres were occupied by channel, 17 acres 
were accreted to the Iowa bank, 348 acres were ac­
creted to the Nebraska bank, and 2 acres were bed 
accretion in the channel as islands or bars. In 1895, 
492 acres were Nebraska land, and 4 acres were oc­
cupied by channel.
The channel then shifted to the right, and, 
beginning in 1905 until man-made improvements 
began, the Missouri River channel was centered 
over the Schemmel Island area (table 3). Through a 
period of 25 years, the area was dominantly chan­
nel (12 to 97 percent) or bed accretion (3 to 88 per­
cent). Infrequently, minor parts of the area were 
either parts of Iowa or Nebraska land or bank ac­
cretion on the Iowa side of the channel. One may 
surmise that the area today would have similar 
history had not man modified the river channel.
Table 3. Natural 
Parts That Were Land,
History of Schemmel 
Channel, or Bank or
Island Area, 
Bed Accretion
1852 to 1930 
in Specific Years
Land Channe1 Bank accretion Bed accretion*
Year Acres 7o Acres % Acres % Acres %
1852-56 455.81# 92.1 39.4 7.9
1879 131.91 26.6 345.2 69.7 18. IN# 3.7
1890 34.4N 6.9 94.4 19.1 16.91 3.4 1.9 0.4
347.7N 70.2
1895 491.5N 99.3 3.8 0.7
1903 8.11 1.7 58.1 11.7
42 9.ON 86.6
1905 31.91 6.4 294.0 59.4 145.6 29.4
23.8N 4.8
1923 419.0 84.6 76.3 15.4
1924 15.01 3.1 200.2 40.4 280.0 56.5
1926 60.0 12.1 435.2 87.9
1928 479.8 96.9 15.6 3.1
1930 442.7 89.4 46.91 9.5 5.6 1.1
k
Islands or bars in the channe1.
^Part of or attached to Iowa (I) or Nebraska (N).
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Controlled formation
Schemmel Island formed as a direct result of 
controlled channel flow and deposition of sediment 
downstream from permeable pile dikes. The pile 
dikes were so placed that flow of greater velocity 
moved past the ends of the dikes and scoured a 
planned course, now occupied by the Missouri 
River channel (Whipple, 1942). The permeable pile 
dikes checked flow velocity and permitted bed and 
bank accretion downstream from the dikes. Such 
sediment, in turn, permitted subsequent upstream 
deposition that ultimately overwhelmed the dikes, 
buried them, and welded the area into one mass. 
Natural growth of willows aided in the island 
stabilization (ibid.).
The effect of control structures on the formation 
of Schemmel Island can be traced through a series 
of aerial photographs and maps beginning in 1936. 
Engineering works were placed in 1934 and 1935. 
On the aerial photograph of 1936 (fig. 17), pile 
dikes are visible as linear features extending from 
the left bank into the area. The same structures 
can be identified on aerial photographs of 1937, 
1938, 1939, 1941, and 1944-45 and the maps of 
1940 and 1946-47 (figs. 18-24).
The quantitative effect of causing bed and bank 
accretion by diking can be estimated by comparing 
the areas of sediment chronologically. To make this 
estimate, transparent map overlays were made for 
each successive year and areal measurements were 
made and compared for each year. In 1936, 282 
acres of the Schemmel Island area were occupied 
by channel, and 214 acres were occupied by bed 
and bank accretion. In 1937, these respective 
measures were 216 and 279 acres. There was a pro­
gressive decrease of area occupied by channel and a 
progressive increase in area occupied by bed and 
bank accretion. For the 4-year period and on a 
percentage basis, the channel area decreased from
56.8 to 43.6, 37.7, and 11.8 percent. The bed and 
bank accretion increased from 43.2 to 56.4, 62.3, 
and 88.2 percent. After 1939, minor additions were 
made to the island, and as late as 1941, 1945, and 
1947, the chute to the left of the island was oc­
cupied by water (figs. 22-25).
Permanent emergence of specific areas of 
Schemmel 'Island can be dated by successive over­
lay of the transparent maps of given calendar 
years. The sequence of overlay is from the latest 
year to the earliest year. For example, in this 
publication, compare 1939 (fig. 20) with 1938 (fig. 
19). In 1939, essentially one large accretionary 
mass was bounded on the right by the main chan­
nel and, on the left, by narrower chutes. In 1938, 
there were numerous, but smaller, accretionary 
masses bounded by channels on the right and left 
but also crossed by other channels. Comparison of 
figs. 19 and 20 shows what channels or parts of
channels of 1938 were filled with sediment in 1939. 
Now, by checking chronologically to later years 
and earlier years, specific areas of Schemmel 
Island can be dated as permanently emergent dur­
ing a calendar year. Hie end result of this pro­
cedure is the production of a complex mosaic of 
dated parts of the island (plate 3).
Overbank flooding is not precluded, and, accord­
ing to records of the Corps of Engineers, U. S. 
Army, the area was inundated in the floods of 1942, 
1943,1944,1945,1947,1949, and 1952.4
Sediments
Sediments in the Otoe Bend area were studied 
along seven traverses (plate 1). Traverses A and B 
crossed Iowa Chute. Traverse C crossed Crib Chute. 
Traverse D extended from Iowa Chute westward 
across Looped Chute. Traverse E crossed Iowa 
Chute at Payne’s Landing area. Traverse S crossed 
Schemmel Island about at the midtransverse axis. 
Traverse N crossed the Nebraska floodplain from 
the base of the bluff to near the west bank of the 
Missouri River opposite Schemmel Island. Cores 
were extracted at sites along each traverse by us­
ing a hydraulic soil-coring probe. All coring sites 
were accurately located, and elevations of the top of 
hole were accurately determined by using 
engineering transit and stadia rod. Cores were 
described and measured in the field, and simple 
physical and chemical tests were made on core 
samples there. Cores were returned to the 
laboratory for analysis where particle size, organic 
carbon, and calcium carbonate equivalent were de­
termined. Locations and elevations of sites along 
the traverses are given in table 4.
Traverse N
Twelve cores were extracted along the south 
line of sections 25 and 30 from near the 
southwestern corner of section 25 eastward to near 
the right bank of the Missouri River (plate 1). The 
traverse crossed a series of narrow-to-moderately 
wide ridges and intervening swales. These linear 
and slightly curved landforms are distinct on aerial 
photographs (figs. 22, 25).
With the exception of site 3 nearest the west 
valley bluff, all sediments contain appreciable sand 
(2.0-0.05 mm) at the surface or at shallow depth 
beneath the surface. The sediments of the ridges 
usually are coarser textured at or nearer the sur­
face than the sediments in the adjacent swales 
(plate 4). Not only is this shown by greater
4Personal communication from C. L. Hipp, Chief of Engineer­
ing Division, Department of the Army, Corps of Engineers, Omaha 
District, Nov. 28,1967.
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Tab le 4. Core Sites along Traverses in Otoe Bend Area
Traverse Distance Elevation
(feet) (feet)
A 0 East 0 916.2
1 60 916.8
2 90 910.8
3 114 910.0
4 126 910.4
5 150 916.1
6 222 914.8
7 294 914.9
8 West 330 913.6
B 1 East 0 916.4
2 252 916.8
3 378 911.5
4 426 914.6
5 West 870 915.2
C 1 East 0 914.8
2 132 913.2
3 West 324 913.3
D 1 East 0 914.5
2 816 915.0
3 1866 914.2
4 2064 913.7
5 West 2862 914.6
E 1 East 0 919.4
2 150 919.2
3 288 912.4
4 372 913.9
5 West 462 914.4
S 4 South 588 919.2
5 West 0 916.9
6 732 915.9
7 1854 916.1
8 East 2238 919.9
N 3 West 0 910.9
2 372 909.9
4 792 908.1
5 1968 912.9
6 2082 909.3
7 2406 913.1
8 2712 913.0
9 2784 907.3
10 3048 911.6
11 3498 908.3
12 3738 907.7
13 East 3930 911.6
amounts of sand, but also by coarse/fine size ratios. 
This ratio is the quantity of sand (2.0 to 0.05 
mm) + coarse silt (0.05 to 0.02 mm) to the quantity 
of fine silt (0.02 to 0.002 'mm) +  clay ( <  0.002 
mm). The sand is accretion deposit of the laterally 
migrating channel, and its association with the 
ridges suggests that they are former bars. The 
finer-textured sediment in the swales probably was 
deposited from suspension in the interbar areas or 
at some subsequent time in topographic lows dim­
ing the overbank flood.
In general, the sediments of the swales contain 
greater amounts of organic carbon at or near the 
surface than do the sediments of the ridges (plate 
4). With the exception of sites 2 and 3, the amount 
of organic carbon decreases with depth in a typical 
pedogenic depth distribution. Greater amounts of 
organic carbon in the swales versus sites on adja­
cent topographic highs also are a normal soil- 
geomorphic relation. Since swales are more moist, 
landforms can support a denser vegetative cover 
with resultant greater additions of organic matter 
to the soils. Because swales also are low topo­
graphically, they are depositories for any sediment 
containing organic carbon washed from the adja­
cent low ridges or elsewhere.
Field tests indicated that carbonates were not 
present in the sediments to depths of 7 to 64 inches 
in 8 of the 12 sites. Depth distributions of calcium 
carbonate determined as carbonate equivalent in 
the laboratory (plate 4) are in reasonable agree­
ment with the field observations.
On the Nebraska side of the alluvial plain, the 
sediments and slight alteration of them by ac­
cumulation of organic carbon and leaching of 
carbonates are similar to the sediments and their 
alteration to the east of the 1879 and 1890 scarp on 
the Iowa side of the alluvial plain. Both areas are 
in the meander belt of the valley.
Traverse S
Traverse S was laid out along the mid- 
transverse axis of Schemmel Island (plate 1), and 
five cores were extracted at sites to represent broad 
soil patterns (plate 2). The present surface of 
Schemmel Island above the scarp (plate 1) is ellip­
tical with the long axis from northwest to 
southeast. Higher rims bound a shallow, saucerlike 
depression. This is shown by the profile along 
traverse S (plate 5). Somewhat concentric soil pat­
terns are on the island (plate 2). Accretion con­
struction of the island during 1930-1939 resulted 
in a complex mosaic of bodies of sediment (plate 3). 
The concentric pattern shown by soils (plate 2) is a 
result of a veneer of sediment deposited during the 
overbank floods of 1942 to 1952. These sediments 
are the youngest in the area.
Field tests indicated that all sediments were 
calcareous at the surface. Laboratory analyses of 
carbonate equivalent (plate 5) are in reasonable 
agreement. With the exception of site 4, organic 
carbon distribution to depth is somewhat erratic, 
suggesting some stratification during sediment 
deposition.
Sediments on the island rims are coarser tex­
tured at or near the surface than in the saucerlike 
depression of the island interior (plate 5). The rim 
sediments are part of the natural levees formed
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during overbank flood. The finer-textured sedi­
ments of the island interior overlie coarser- 
textured layers at shallow depths. Subsurface sedi­
ments such as these are typical beneath the 
floodplains of many rivers and are formed as a 
sheet by lateral accretion. They are not an over­
bank deposit, but are a channel deposit whose max­
imum possible thickness is approximately the max­
imum depth of effective flood scour (Macklin, 1937, 
p. 826; Leopold et al, 1964, p. 323).
Finer-textured sediments, such as silt loams, 
silty clay loams, silty clays, and clays, overlie the 
coarser sand and loamy sand substratum. These 
finer sediments are the result of deposition from 
suspension in flood water. Water in excess of chan­
nel capacity must flow overbank, covering parts or 
all of the floodplain. The fine sediment is deposited 
from suspension over the flooded area (Leopold et 
al., 1964, p. 323; Mackin, 1937, p. 826).
Traverse D
Traverse D was laid out from the Iowa Chute to 
the westward and across the Looped Chute (plate 
1). Objectives were to study the sediments with 
ages ranging from 1930 to 1895. Field tests in­
dicated that all sediments were calcareous at or 
near the surface. Laboratory analyses of calcium 
carbonate equivalent substantiated the field ob­
servations (plate 5). Some of the organic carbon dis­
tributions with depth show some effect of stratifica­
tion during sediment deposition. Considerable 
quantities of sand are at or near the surface at all 
sites along the traverse (plate 5) and show the 
lateral accretion of channel deposits as the river 
migrated across the area.
Traverse A
Traverse A was located to cross the Iowa Chute 
from the meander belt on the east to the channel 
belt on the west (plate 1). Nine cores were ex­
tracted beginning 60 feet east of the chute and end­
ing 330 feet west of the chute. A major break in 
soils, sediments, and landscape is marked by the 
left bank of the chute. To the left or east, coarse 
textured, slightly calcareous (field test) sediments 
overlie finer-textured beds leached of carbonates 
(plate 6). These lower sediments also have a soil A 
horizon in their uppermost part buried by the 
. coarser overwash.
In the chute, the sediments are fine textured to 
considerable depth, indicating that reasonably 
slack waters must have occupied the chute during 
later stages of its depositional history. These sedi­
ments are slightly to moderately calcareous. 
Buried soils are not in the sediments.
To the right or west of the chute (plate 6), the 
sediments are coarse textured and calcareous at or 
near the surface and continue as such to depth. 
These sediments (sites 5 to 8) are very similar to 
the sediments along traverse D. They, again, show 
the nature of lateral accretion by the migrating 
channels of the Missouri River. No buried soils 
were observed in these cores.
Other traverses
Three other traverses were made. Traverses B 
and E were laid out to cross the Iowa Chute from 
the meander belt on the east to the channel belt on 
the west (plate 1). Five cores were extracted along 
each traverse, and the sediments and weathering 
properties, as measured and tested in the field, 
were similar to the system along traverse A.
Three cores were extracted along traverse C 
(plate 1), which was located to cross Crib Chute. At 
all sites, the sediments are calcareous to the sur­
face. In the chute, a thin peat is buried at a depth 
of 3 feet, and wood fragments and twigs continue to 
a depth of 9.5 feet where coarse-textured sands are 
present. The upper sediments are fine-textured as 
in the Iowa Chute. Laboratory studies were not 
made of core samples along these three traverses.
Summary of traverses
In summary, the sediments to the left or 
generally east of the Iowa Chute at traverses A, B, 
and E and on the Nebraska side of the river along 
traverse N have common properties. They are 
leached of carbonates and have some pedogenic or­
ganization of organic carbon in their uppermost 
parts. They occupy the area of the alluvial plain 
that is the meander belt. To the right or west of the 
Iowa Chute, sediments usually are calcareous at or 
near the surface and to depth. Coarse-textured 
sediments also are usually at or near the surface, 
particularly on the slight topographic highs. These 
sediments occupy the channel belt of the alluvial 
plain.
On Schemmel Island, coarse-textured sediments 
occur on the rim of the island as natural levees. 
The saucerlike depression of the interior has a 
veneer of finer-textured sediments. Coarse-textured 
sediments are at shallow depths, however, 
throughout the island area.
Soils
The major discontinuity in the soil pattern in 
the Otoe Bend area is along the 1879-1890 scarp 
and the Iowa Chute that separate the meander belt 
from the channel belt (plate 2, cf. plate 1). Fifteen 
soil types occur in the meander belt area to the left 
of the scarp and chute. Fourteen of the soil types
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are entirely restricted to this area (table 5). One 
soil of the group, Albaton silty clay, occurs in both 
the meander and channel belt.
Eight soil types occur dominantly in the chan­
nel belt. These soils are also in the meander belt, 
where they are in areas of overwash sediments or 
dune sediments, For example, in sections 13, 23, 
and 24 (plate 2), a group of soils is labeled 
"calcareous/noncalcareous.” Here calcareous sedi­
ments have spilled from the Iowa Chute and chan­
nel belt during flood and buried soils and sedi­
ments from which carbonates had previously 
leached. The eight soil types common to the chan­
nel belt have formed on the calcareous spillover or 
overwash sediments. The soil boundaries have a 
smooth pattern (plate 2).
In sections 2, 3, and 11, another large area with 
rather irregular soil boundaries is also labeled 
"calcareous/noncalcareous.” In this area, calcareous 
dune sands bury the leached soils and sediments of 
the meander belt. Members of the group of eight 
soils (table 5) have formed on the dime sediments.
In addition to the two major groups of soils, 
three miscellaneous units are also in the area 
(table 5). They are restricted mainly to chutes. One 
of them occurs also on the cut terrace below the 
scarp on Schemmel Island (plate 2, cf. plate 1).
Table 5 . S o i l s  R elated  to  Landscapes and Sediments*
S o i l  types Remarks
Meander b e lt where landscape and
sedim ents, exc lusi've o f  overwash and
dunes, are o Ider than 1879-1890.
1 . A lbaton  s i l t y  c la y (0 ; depth to  carbonates in in ch es)
2. Blencoe s i l t y  c la y ( ~  40)
3. Blend s i l t y  c la y  ' (24 +)
4. Cooper loam 24)
5. Cooper s i l t y  c la y  loam (> v  24)
6. C ott c la y  loam ( —  18)
7. C ott loam ( ~  18)
8. Keg s i l t  loam (2 4 -36 ).
9. Lakepor't s i l t y  c la y  loam (36 -48 )
10. Luton s i l t y  c la y ( ~  36)
11. Luton s i l t y  c la y  loam ( ~  36)
12.. Modale s i l t  loam (0)
13. S a lix  s i l t y  c la y  loam H  18)
14. Waubonsie f in e  sandy loam (0 )
15. Zook s i l t y  c la y  loam 48)
Dominantly in c hannel b e lt  (1930-1890)
in clu d in g  Schemmel Is lan d  (1940 and
younger) and a ls o  in clu d in g  overwash
and dune d e p o s its  in  meander b e l t .
1. A lba ton ’ s i l t y  c la y (0)
2. Blake s i l t y  c la y  loam (0)
3. Carr fin e  sandy loam (0)
4 . G rable s i l t  loam (0 )
5. Haynie s i l t  loam (0)
6. Onawa s i l t y  c la y (0 )
7. P e rc iv a l s i l t y  c la y (0 ) *
8. Sarpy loamy f in e  sand ( ° )
Mis ce lla n eou s
1. A l lu v ia l  land In  chutes
2 . Marsh In  chutes
3. Riverwash T errace on Schemmel Islan d and in chutes
* S o ils  from f i e ld  sheets o f  L. A. C lark and J. R. N ixon. S o i l  Survey o f  
Fremont County, Iowa. U. S. D ept. Agr. S o i l  Surv. R pt. in  p repa ra tion . 
Carbonate-depths are minimum v a lu es .
The 23 major soil types in the area (table 5) can 
be grouped in three main associations: calcareous, 
calcareous/noncalcareous, and noncalcareous soils 
(plate 2). The miscellaneous units are excluded. 
The three main associations can be further grouped 
on the basis of texture as coarse, medium, and fine. 
This grouping immediately shows the distinction of 
the soils in the channel belt from those in the 
meander belt (plate 2). The previously discussed 
soils of the overwash and dune areas also are dis­
tinct patterns separable from the soils of the chan­
nel and meander belts.
The major distinction between the soils of the 
channel and meander belts is the absence of 
carbonates in the meander-belt soils. Exclusive of 
Albaton, Modale, and Waubonsie soils, depths to 
carbonates range from approximately 18 to 48 in­
ches (table 5). In contrast, the soils of the channel 
belt and of the overwash and dune areas are 
calcareous to the surface. Absence of carbonates is 
independent of texture. Similar texture groups are 
in all areas (plate 2).
Another property distinguishes the soils of the 
meander belt from those of the channel belt. The A 
horizons usually are darker and contain slightly 
more organic carbon than the meander-belt soils. 
For example, in the soils along traverse N in the 
meander belt on the Nebraska side of the river 
(plates 1, 4), the weighted mean organic-carbon 
content for all soil A horizons is 1.30 percent. On 
the Iowa side of the river at sites 0 and 1 along 
traverse A (plates 1, 6), soil A horizons of the 
meander-belt soils are buried beneath overwash. 
These A horizons emerge from beneath the over­
wash and are at the surface a short distance to the 
east (plate 2). Where buried, the weighted mean or­
ganic-carbon content of the A horizons is 1.46 per­
cent. In contrast, in the channel belt along traverse 
D and sites 5 to 8 along traverse A (plates 1, 5, 6), 
the weighted mean organic-carbon content of all 
soil A horizons is 1.12 and 1.15 percent, 
respectively.
The textures of soils, particularly in the chan­
nel-belt area including Schemmel Island, reflect 
the depositional features of the sediments and the 
landforms. For example, the somewhat sweeping 
curved patterns of the textural groups in sections 3, 
10,11,14, and 23 (plate 2) conform very well to the 
distribution of chutes, scarps, and low-relief ridges 
in the area (plate 1). Finer-textured soils fit with 
the finer-textured sediments in the topographic 
lows, and coarser-textured soils align with the 
coarser-textured sediments of the topographic 
highs. The concentric pattern of soils on Schemmel 
Island changes from coarse to fine texture from the 
natural-levee rim to the interior saucerlike 
depression. The soils, in order of banding, are Sarpy 
loamy fine sand, Grable silt loam, Onawa silty clay, 
and Albaton silty clay.
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In summary, the soils throughout the area are 
weakly developed. The meander-belt soils are dis­
tinctive mainly in that carbonates are absent to 
depths of about 18 to 48 inches. This weathering 
occurred before 1879-1890. The soils of the channel 
belt of 1930-1890 and of Schemmel Island younger 
than about 1940 have not been leached and are 
calcareous to the surface. The meander-belt soils 
have slightly darker A horizons than the channel- 
belt soils. The organic-carbon content of the A 
horizons differs only slightly. For all soils analyzed, 
the weighted mean organic carbon is 1.32 percent 
for the meander-belt group and 1.24 percent for the 
channel-belt group. This means that the organic- 
carbon status can develop in a soil in less than 30 
years and can be comparable to the status of a soil 
that probably is more than a century old; that is, 
the soils of Schemmel Island versus the soils of the 
meander belt.
The textural properties of the soils are in­
herited from the original depositional nature of the 
sediments. Pedogenesis has not progressed to the 
state in any of the soils where the initial sedimen­
tary nature has been altered to any great extent.
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PLATE 2: S O ILS , OTOE BEND AREA
Base is aerial photoqraph series B KA - 3 AA -1 9 6 0  
Compi led from soi Is maps by J. R. Nixon 6-64
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Fig. 1. Comparison of particle-size distributions of bed loads of streams and stream reaches.
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Fig. 3. Maps of 1879 and 1890. Suter map (1879) from Executive Documents 89 and 92, House of Representatives, 
46th Congress, 3rd Session. Map of 1890 from Missouri Commission (1893).
Fig. 4. Map of right bank in 1895. Compiled by Willis Brown from plats of County Assessor, Otoe County, Nebraska.
769
Fig. 5. Map of 1895 made by John Gregg, County Surveyor, on Feb. 14-15,1895.
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Fig. 6. Map of 1903 by J. A. Udden published in Iowa Geological Survey Annual Report of 1902.
+ +
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13
24
Fig. 7. Comparison of maps of 1890 and 1895. Map of 1895 from Nebraska City, Nebraska, 15-minute quadrangle, 
U. S. Geological Survey.
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Fig. 8. Map of 1919 by County Surveyor, Fremont County, Iowa, from Iowa Supreme Court, 1921.
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Fig. 9. Map of 1923 by Corps of Engineers, U. S. Army.
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Fig. 10. Map of 1924 from Soil Survey of Fremont County, Iowa, U. S. Dept. Agr., Bur. Chem. and Soils, No. 8 ser 
1924.
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Fig. 11. Aerial photograph of 1925 in low-water stage. Cf. fig. 12.
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Fig. 12. Map of 1926 by Corps of Engineers, U. S. Army.
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Fig. 15. Aerial photograph of 1930. Cf. fig. 14
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Left Bank R ight Bank
to left------------- to rig h t----- ►  «------to left--------------- to right
table 2 and text
Fig. 16. Graphic summary of shifts of left and right banks of Missouri River at Otoe Bend. Zero points are 1852 Dosi 
tion of left bank and 1856 position of right bank. K
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Fig. 17. Aerial photograph of 1936.
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Fig. 18. Aerial photograph of 1937.
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Fig. 19. Aerial photograph of 1938.
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Fig. 20. Aerial photograph of 1939.
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Fig. 21. Map of 1940 by Corps of Engineers, U. S. Army.
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Fig. 22. Aerial photograph of 1941
Fig. 23. Aeriai-photograph mosaic of 1944 and 1945.
Fig. 24. Map of 1946 and 1947 by Corps of Engineers, U. S. Army.
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Fig. 25. Aerial photograph of 1947.
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Fig. 26 Aerial-photograph mosaic of 1966.
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